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HtEEACE 


This  stucty  was  initiated  by  the  Subsistence  Protecticxi  Branch  (SFB) ,  Food 
Technology  Divisicai  (PTD) ,  Food  Engineering  Directorate  (FED) ,  U.S.  Amy  Natick 
Research,  Development  and  Engineering  Center  (Natick)  in  cooperation  with 
Central  States  Can  Ccnpany  (CSC)  of  Massillon,  Ohio. 

The  primary  goal  was  to  find  a  suitable  replacement  far  the  current 
tin~free  steel  traycan,  vhich  was  e>diibiting  corrosion  problems  that  resulted 
in  a  traycan  that  did  not  provide  the  required  three  year  shelf  life.  Ihe 
decisioi  to  ocaiduct  this  study  was  made  jointly  by  the  Project  Office,  Amy 
Field  Feeding  System  (PO  AFES) ,  Office  of  The  D^xity  Chief  of  Staff  for 
Logistics  (ODCSIDG) ,  Defense  Personnel  Support  Center  (DPSC)  and  Natick. 

This  report  is  Phase  I  of  a  two-phase  stuc^.  Phase  II  of  the  study  will 
be  conpleted  in  Decenber  1992. 
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In  May-June  1987,  Tray  Pack  oorrosicMi  prci)leins  surfaced  in  several 
geographic  locations.  Subsequent  investigaticais  cx»K;luded  that  the  shelf  life 
of  the  traycan  nay  be  extended  by  converting  the  current  traycan  from  tin-free 
steel  to  tinplated  steel.  To  aocotplish  this,  an  optimal  traycan  had  to  be 
develqped  ccnposed  of  the  best  available  steel  substrate  ocmbined  with  the  best 
available  —  and  most  ocnpatible  —  double  enamel  system. 

An  extensive  three  year  storage  stixSy  was  designed  which  included  all 
essential  variables,  such  as  storage  tenperature,  product,  and  can  variable. 

The  storage  stuc^  was  designed  to  consist  of  two  phases  and  to  represent  36 
months  of  recil  time  storage.  Phase  I  was  an  intensive  study  and  was  ocgipleted 
within  six  months.  Phase  II  will  involve  an  extaisicai  of  the  stucfy  to  include 
an  additional  30  iroiths  until  its  coipletion  in  Deceaitoer  1992.  This  report 
discusses  the  findings  of  Phase  I. 

Five  can  variables  were  filled  with  six  different  products  —  beef  stew, 
carrots,  com,  lasagna,  chili  con  came,  and  omelet  w/hara  —  vhich  were 
representative  of  the  range  of  products  currently  in  the  menu  cycle.  The 
filled  and  processed  traycans  were  stored  at  40,  80  and  100®F  to  simulate  the 
wide  tenperature  variation  commonly  found  in  the  military  distribution  and 
storage  system. 

Phase  I  of  the  study  was  designed  to  be  conpleted  in  six  months,  using 
frequent  withdrawals  in  order  to  determine  the  best  performing  candidate,  by 
virtue  of  visual  and  microscopic  examination.  Samples  were  withdrawn  from 
40°P  storage  every  8  weeks,  from  80°F  every  4  weeks,  and  from  100®F  every 
2  weeks.  Samples  were  inspected  for  the  following  aberraticais  -  gray  spots, 
blisters,  pitted  corrosion,  oven  dust,  cjoating  seeds,  delaminaticxi,  scratch^ 
and  mechanical  abrasion. 

Test  results  showed  that  tinplate  did,  in  fact,  provide  improved 
resistance  to  corrosion  over  the  current  tin-free  steel  traycan  during  6  noith 
storage  at  40,  80  and  100°F.  Natick  recommended  that  the  traycan  composition 
be  converted  to  #75/#35  (0.375/0.175  pounds/base  box)  differentially  coated 
tinplate  with  an  aluminum  vinyl/epoxy  phenolic  double  coating  ^rstem,  and  that 
a  sheet  feed  system  be  used  in  lieu  of  the  current  coil  feed  system.  This 
recommendation  was  made  to  support  a  request,  already  stated  in  preface,  to 
develop  a  suitable  replacement  for  the  current  tin-free  steel  traycan.  The 
recommendation  to  convert  to  the  above  referenced  traycan  was  aco^jted  by 
OEXSLDG  on  16  May  1990.  Subsequently,  in  December  1990,  Natick  recommended 
that  the  tirplate  wei^ts  be  reduced  from  #75/#35  to  #75/#25,  resulting  in  an 
increase  in  material  availability  and  a  decrease  in  cost  without  any  adverse 
affect  on  shelf  life. 
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IKVYCANS:  TINPIAIE  VS.  TIN-FREE  —  FflASE  I 


INIRDIXJCTICir 


Background 

During  the  1970 's,  the  military  services  were  considering  new  or 
redesigned  field  feeding  systems  in  order  to  reduce  the  nuntoer  of  trained  cooks 
in  the  field.  U.S.  Army  Natick  Reseckrdh,  Develc^roent  and  Engineering  Center 
(Natick)  began  investigating  the  possibility  of  developing  hermetically  sealed, 
multi-serving  containers  of  pr^r^jared  foods  that  would  be  ocjpatible  with  the 
Array  Field  Feeding  System.  Initially  the  container  had  been  made  experimentally 
of  aluminum,  steel  (tirplate  and  tinfree) ,  and  injection  molded  polymeric 
materials.  However,  by  the  mid-1970's,  Kraft,  Inc. ,  and  Central  States  Can  Co. 
(CSC) ,  ind^jendently  of  each  other,  developed  rectangular  tirplate  and  tin-free 
steel  (TPS)  containers,  respectively,  with  double-seamed  lids. 

The  rectangular  configuration  of  the  current  traycan  -  as  the  container  is 
called  -  is  the  result  of  the  original  intent  to  have  a  half-size  stearatable 
container  that  would  fit  into  standard  stearatable  openings.  The  final  design 
consisted  of  a  two-piece  container  (tray  and  lid)  composed  of  TFS,  vhich  had 
the  same  capacity  as  a  No.  10  can,  but  required  a  considerably  shorter 
processing  time  in  a  still  retort  to  achieve  commercial  sterility.  Heat 
penetration  studies  shewed  that  the  flat,  rectangular  shape,  as  compared  to  the 
cylindrical  shape,  reduces  the  processing  time  by  50%.  The  Tray  Pack,  as  the 
filled  traycan  is  called,  is  a  multipurpose  rectangular  container  vhich 
conveniently  serves  as  a  pactaige,  shipping  vessel,  heating  pan,  and  a  serving 
tray.  Product  development  and  field  acc^tance  toting  were  conducted,  making 
Tray  Packs  available  for  procurement  in  1983.  CSC  has  been,  and  continues  to 
be,  the  only  sipplier  for  the  traycan. 

In  1984,  the  basis  wei^t  of  the  steel  was  increased  from  75  to  90  pounds 
per  base  box  (base  box  or  BB  =  112  sheets  of  14”  x  20”  steel  plate)  and,  in 
1985,  the  cxDating  system  was  changed  from  a  single  vinyl  to  a  vinyl/epcxxy 
two-coat  system  to  provide  increased  corrosion  resistance.  In  1988,  the  body 
of  the  traycan  was  redesigned  to  incorporate  reinforcement  ribs  or  beads  into 
the  bottom  of  the  traycan.  These  reinforcements  increased  durability  and 
strength  during  transit  and  storage. 

To  maximize  the  efficiency  of  the  Class  I  distribution  system,  vhile 
reducing  dedicated  Class  I  marpower,  Natick  developed  an  optimal  meal  module, 
entitled  Meal  Module,  Tray  Pack,  36  Soldier.  The  roeeil  module  contains  encxi^ 
Tray  Pack  foexi,  disposables,  and  eatingware  to  provide  a  conplete  meal  for  36 
soldiers.  Assembly  sites  of  the  meal  mocJule  are  located  on  both  the  East  and 
West  coast  to  facilitate  world  wide  distributicwi.  The  meal  modules  are 
assembled  at  Defense  Depot  Mechanicsburg  (DCMP) ,  Mechanicoburg,  PA  and  Defense 
Depot  Tracy  (DDTC) ,  Tracy,  CA. 

In  May  of  1987,  r^orts  of  rusted  and  lealcing  traycans  were  received  from 
Ft.  Clayton,  Panama.  On-site  investigation  confirmed  these  r^orts,  but 
further  identified  that  the  problem  oexurred  only  in  two  lots  from  1983  and 
1984  Date  of  Pack  (DOP) .  In  June  1987,  Defense  Personnel  Support  Center  (DPSC) 
reported  defective  traycans  that  were  discovered  in  seven  other  gecagraphic 
locations.  Subseejuent  examination  of  saitples  verified  the  existemo  of  leakers 
and  were  similar  to  the  defects  found  in  Panama.  The  defects  shewed  up  in  the 
form  of  "gray  spots".  These  were  small,  gray-colored  spots  found  on  the 
exterior  of  the  traycan.  Some  traycans  became  leakers  if  the  gray  spot  was 
gently  prcAaed  with  a  sharp  object. 
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In  July  1987,  the  Tray  Pack  Task  Force  was  formed  to  determine  the  origin 
of  gray  ^)ots  and  pinholes,  and  identic  short  and  Icxig-term  soluticHis.  The 
Task  Force  consisted  of  r^resentatives  from  the  Office  of  the  D^juty  Chief  of 
Staff  for  logistics  (CXXSIOG) ,  Defense  Logistics  Agency  (DIA) ,  Defense 
PerscMmel  Si:53port  Center  (DPSC) ,  Natick,  Office  of  The  Surgeon  General  (OTSG) , 
Ifriited  States  Departmei^  of  Agriculture  (USDA) ,  industry  (CSC) ,  and  a  private 
ccaisultant  with  extensive  can  and  food  technology  ei^jerienoe.  The  Task 
Force  reccnmended  that  Natick  investigate  the  feasibility  of  ccxiverting  the 
traycan  from  TFS  to  tinplated  steel.  Ikiwever,  CSC  suggested  that  the 
feasibility  of  a  new  coating  system  be  investigated  before  a  full  ccamnitment 
can  be  made  to  convert  to  the  tinplated  traycan.  The  vinyl  coating  used  at  the 
time  was  soft  and  susceptible  to  scratching  and  abrasion. 

In  early  1989,  a  new  coating  system  was  incorporated  into  the  TFS 
traycan.  This  coating  ^rstem  was  manufactured  fcy  Dexter  Midland  and  initicd 
storage  studies  found  it  to  be  an  improvement  over  the  existing  Valspar  coating 
system.  However,  Dexter  Midland  coated  traycans  began  epdiibiting  problems  soon 
after  full  scale  production  and  further  manufacturing  of  these  traycans  was 
terminated.  At  this  time,  the  decision  was  made  —  by  agencies  r^resented  on 
the  Task  Force  —  to  develop  a  tinplated  steel  traycan  with  a  new  coating 
system.  This  r^xDrt  discusses  the  development  of  the  experimentcil  variables, 
their  subsequent  evaluaticxi,  and  the  results  of  that  evaluation. 

The  current  traycan  (as  of  the  printing  of  this  r^xprt)  is  ccsoposed  of 
electrolytic  chromium  coated  steel  (EOCS)  with  a  coating  of  epoxy  and  vinyl  c»i 
the  interior  and  an  coating  on  the  exterior  (See  Figure  1) . 


METALLIC 

CHROMIUM 


VINYL 


STEEL 

90  Ib/BB 


CHkOMIUM 

OXIDE 


Figure  1.  Composition  of  Tin-Free  Steel 
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ECXS  has  a  chranne-<hrc*ne  oxide  surface  treatment  v^ch  serves  as  a  rust 
preventative  until  it  can  be  coated.  Ihe  chemical  treatment  also  serves  as  a 
protective  coating  underneath  the  enamel  coating.  Typical  amounts  of  the 
chemical  treatments  are:  5  m/ft^  of  surface,  covered  by  chromiiim  oxide  film 
containing  0.7  to  2.5  mg/ft^  of  metallic  chromium.  The  traycan  measures  1001 
x  1206  X  200  (10-1/16  in  X  12-6/16  in  x  2  in  }  as  shown  in  Figure  2  and  has 
the  capacity  of  approximately  105  ounces,  the  same  as  that  of  a  603  x  800  can 
(6-3/16  in  X  8  in  )  -  or  vhat  is  commonly  referred  to  as  a  #10  can.  The  basis 
wei^t  of  the  steel  is  90  pounds  per  base  box  (Ib/BB) .  As  ^cwn  in  Figure  2, 
the  body  design  is  reinforced  with  six  longitudinal  beads  or  ribs  approximately 
0.050  +  0.010  in.  deep.  Ihe  beads  are  9  in  by  3/4  in  in  length  and  width. 

The  lid  is  reinforced  with  comer  beads  and  there  is  an  expansion  area  with  a 
smooth  panel,  8-7/8  in  in  length  and  6-5/8  in  in  width,  vAiich  acccmmodates 
the  can  labeling. 

Many  attempts  have  been  made  by  the  can  industry  to  find  a  universal, 
all-purpose  can  (i.e.  one  metal  substrate/coating  system  for  all  products  and 
conditions) .  Can  integrity  is  a  function  of  many  factors.  Among  the  factors 
vhich  must  be  considered  are:  (1)  chemical  composition  and  physical  properties 
of  the  steel  (strength,  ccnposition,  final  shape) ,  (2)  type  and  application  of 
the  enamel  costing  (continuity  and  thickness) ,  (3)  container  construction,  (4) 
relative  corrosivity  of  the  product  vhich  is  to  be  canned,  (5)  thickness  of  the 
tin  coating  (vhen  tirplate  is  used) ,  and  (6)  seaming  process  to  include  the 
elimination  of  ojQ^en.  When  faced  with  these  variables  and  the  fact  that 
traycans  are  manufactured  using  a  one-st^  process,  via  a  110  ton  press,  it 
becomes  clear  that  many  problems  are  encountered  when  developing  one  can  for 
all  products  and  conditions.  However,  due  to  the  logistics  of  the  military 
system,  as  well  cis  maintaining  an  efficient  production  base  for  the  can,  a 
universal  traycan  is  essenticil. 

As  previously  stated,  the  Tray  Pack  Task  Force  concl\ided  that  tirplated 
steel  would  provide  additional  corrosion  resistance.  The  corrosion  resistance 
of  tinplated  cans  are  a  function  of  the  thickness,  and  uniformity  and  manner  in 
which  the  organic  and  tin  coatings  are  applied.  The  tin  coating  thickness  used 
can  vary,  depending  on  factors  such  as  the  product  to  be  pecked,  shelf  life 
requirements,  and  storage  conditions.  Tin,  in  contact  with  the  product, 
sacrificially  corrodes  to  protect  any  minute  areas  of  base  steel  and  iron-tin 
alloy  exposed  due  to  a  void  in  the  internal  coating  system.  Within  the  can, 
the  amount  of  tin  graducilly  decrease  vhile  the  areas  of  exposed  steel  and 
alloy  increases.  This  leads  to  a  point  vhere,  eventually,  the  steel  may  be 
attacked  rapidly.  In  a  cein  that  is  differentially  coated,  a  coating  such  as 
#35  (0.175  Ib/BB)  may  be  applied  on  the  exterior  side  of  the  plate  and  a 
heavier  coating  such  as  #75  (0.375  Ib/BB)  to  the  interior  side.  Thus,  more 
protection  is  provided  on  the  interior  of  the  cans  vhich  is  in  contact  with  the 
product,  while  a  lighter  tin  coating,  adequate  for  exposure  under  roost  normal 
distribution  conditions,  is  applied  to  prevent  exterior  corrosion  of  the 
traycan. 

Organic  coatings  are  used  in  canned  foods  to  prevent  chemical  interaction 
between  the  product  and  the  container.  Preventing  these  chemical  interactions 
helpjs  to  preserve  the  quality  of  the  food  and  inprove  the  integrity  of  the 
container,  thereby  increasing  the  shelf-life  of  both  the  food  product  and  the 
can. 

The  coatings  are  normally  applied  by  one  of  two  methods:  (1)  applied  to 
the  individual  flat  sheets  and  slcwly  cured  at  tenperatures  belcw  the  melting 
point  of  tin  (450°F’) ;  or  (2)  applied  to  continuous  tirplate  stock  si?plied  in 
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Figure  2.  Traycan  Configuration 


coils  and  then  cured  for  very  short  periods  of  time  at  hi^  tenperatures 
(inaintaining  a  peak  metal  temperature  below  the  melting  point  of  tin) . 

Althou^  many  attenpts  have  been  made  to  develcp  an  all-purpose  can 
enamel,  they  have  not  been  successful  to  date.  Some  20  different  enamels  are 
currently  used  to  meet  the  requirements  of  the  many  products  now  packed  in 
cans.  Oleoresins  are  used  to  protect  the  natural  pigment  of  dark  colored 
fruits,  such  as  cherries  and  beets.  Epojy  resins  are  often  used  for  meat  and 
dairy  products.  Release  agents  are  sometimes  incorporated  to  prevent  the 
product  from  sticking  to  the  container.  Vinyl  resins  cure  usually  used  as  a 
double  coating  system  in  conjunction  with  an  oleoresinous  or  a  phenolic  enamel 
oiid  are  commonly  afplied  to  can  interiors  vhich  will  contain  more  corrosive 
products.  Organic  coatings  are  not  used  for  li<^t  fruits  such  as  peaches, 
apples  and  pears.  The  reducing  action  of  the  tin,  reacting  with  the  fruit  and 
syrup  within  the  can,  retards  darkening  and  maintains  the  color  of  these 
products,  vhich  in  this  case  is  considered  beneficial. 

A  can  lining  must  be  nontoxic;  not  affect  the  flavor  or  color  of  the  food; 
be  easily  applied  to  the  steel  substrate;  have  excellent  adhesion  prcperties 
(i.e.,  not  delaminate  or  blister  during  can  sterilization  and  storage) ;  be 
resistant  to  the  normal  abuses  encountered  during  can  manufacturing  and  be 
economical. 

In  June  1989,  Natick  and  CSC  initiated  develcptent  of  a  "universal  can"  to 
be  fabricated  from  tiiplated  steel.  This  was  accomplished  ky  conducting  an 
extensive  storage  study  to  find  the  traycan  with  the  best  available  metal 
substrate  combined  with  the  best  available  (and  most  conpatible)  double  enamel 
system,  resulting  in  a  cost  effective  traycan  with  an  iitproved  shelf  life. 
Tinplate  was  chosen  due  to  the  protective  qualities  of  tin.  Althou^  it  was 
believed  that  the  addition  of  tin  would  extend  the  shelf  life  of  the  traycan, 
it  must  be  understood  that  product  aggressiveness  is  a  major  factor  affecting 
the  shelf  life  of  the  container.  Regardless  of  traycan  composition,  some 
products  w^il  have  a  shorter  shelf  life  than  others  by  attacking  the  interior 
of  the  traycan  more  aggressively. 


EXFBUMEmAL  APERDACH 


In  July-August  1989,  CSC  initiated  a  study  to  evaluate  various  steel 
substrates  and  coating  formulations.  The  study  involved  the  determination  of 
an  optimum  steel  substrate  in  terras  of  economics,  availability  and  corrosion 
resistance.  Further,  various  coating  systems  were  evaluated  via  coating  trials 
and  screening  tests  to  select  cptiraum  coating  variables  in  terms  of  such 
factors  as  adhesion,  water  resistance,  inpact  resistance,  salt  resistance  and 
uniformity.  In  July  1989,  CSC  conducted  coating  tricds  of  various  formulations 
in  order  to  initiate  screening  and  in-house  testing.  Vcirious  coating 
formulations  from  three  coating  sippliers  (Dexter  Midland  Division  of  The 
Dexter  Corp. ,  Waukegan,  IL;  Reliance  Universcd,  Columbus,  CH;  and  The  Valspar 
Corp.,  Pittsburg,  PA)  were  applied  to  two  90#  electrolytic  tirplate  (ETP) 
substrate  variables.  The  ETP  substrate  variables  were  #75/#35  Jfette  and 
#75/#25  K  Plate  (K  Plate  refers  to  ETP  vhich  has  been  reflowed  for  better 
uniformity) .  The  coatings  were  applied  using  both  the  sheet  and  the  coil 
coating  methods  to  pursue  various  methods  of  caoating  applicaticai.  The  sheet 
coating  was  conduct^  at  CSC.  Since  CSC  does  not  have  facilities  for  coil 
coating,  the  coil  coat  was  applied  at  Enamel  Products  euid  Plating  (EP&P) , 
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McKeesport,  PA.  Hie  <x»ating  trials  resulted  in  32  steel  substrate/ooating 
system  variables  to  evaluate. 

In  August-S^jtearfDer  1989,  a  battery  of  15  tests  -  8  of  vtiich  are  approved 
by  the  American  Society  for  Testing  and  Materials  (ASTM)  -  were  conducted  on 
the  resulting  32  coating  systen/steel  substrate  variables.  These  tests 
include: 

1.  Salt  S^pfcay  (Fog)  Testing  -  ASIM  B117-85 

Ooated  ^)ecimens  were  sheared  to  a  4"  x  12"  size  and  the  cut  edges  taped 
to  prevent  oorrosicai.  Scribe  marks  throu^  the  coating  and  into  the  substrate 
were  introAiced  on  the  lower  half  of  the  panel.  Test  specimens  were  then  put 
into  a  scilt  spray  chamber.  Pcmels  were  reviewed  at  pre-determined  intervals 
with  the  last  evaluation  at  189  hours.  Panels  were  rated  for  corrosion,  not 
only  associated  with  the  scribe,  but  that  which  was  found  on  the  flat, 
unscribed  areas. 

2.  Water  Imiiersion  -  A9IM  D870“86a 

Ooated  specimens  were  partiedly  submerged  in  water  in  a  corrosion 
resistant  container.  Water  permeates  the  coating  at  rates  that  are  dependent 
i^xMi  the  characteristics  of  the  coating  and  upc»i  the  temperature  of  the  water. 
Any  effect  such  as  color  change,  blistering,  loss  of  adhesion,  softening,  or 
embrittlement,  were  observed  and  reported. 

3.  NcnH^estructive  Measurement  of  Dry  FUm  Thickness  of  NOn-Magnetic 
Goating  i^Iied  to  a  Ferrous  Base  -  ASnM  D1186-81 

Film  weight  measurements,  r^xDrted  in  milligrams  per  square  inch,  were 
taken  on  all  variables  to  determine  if  the  coating  could  be  applied  to  yield 
the  aiprcpriate  thickness. 

4.  Testing  water  Besistanoe  of  Ooatings  in  100%  Relative  Humidity  - 
ASM  D2247-86 

Coated  specimens  were  placed  in  an  enclosed  chamber  containing  a  heated, 
saturated  mixture  of  air  and  water  vapor.  The  tenperature  of  the  chamber  was 
maintained  at  100°F.  At  100%  relative  humidity,  a  tenperature  difference 
between  the  specimen  and  the  surrcunding  vapor  caused  the  formation  of 
condensation  on  the  specimens.  Water  permeated  the  coating  at  rates  depending 
on  the  characteristics  of  the  coating.  Color  change,  blistering,  loss  of 
adhesion,  softening,  or  imbrittleroent  were  observed  and  reported. 

5.  Resistance  of  Organic  Ooatings  to  the  Effect  of  Rapid  Defamaticn 
(Inpact)  -  ASM  D2794 

This  test  employed  a  test  apparatus  that  consisted  of  a  standard  weight 
which  was  drcpped  on  a  ooated  panel  to  stretch  and  deform  the  organic  coating 
and  steel  substrate.  Failure  of  the  coating  films  was  made  more  visible  by  the 
use  of  a  magnifier  or  the  application  of  a  copper  sulfate  (CuSO^)  solution 
vhich  reacts  with  the  exposed  steel  substrate. 

6.  Fomability  of  Attached  Organic  Coatings  with  Inpact-Wedge  Bend 
Apparatus  -  ASM  D3281-84 

This  test  required  that  a  small  test  sairple  be  bent  back  cMxe  over  itself 
to  flatten  it  and  then  be  impacted  with  a  dead  weight.  After  inpact,  the 
specimen  was  visually  inspected  and  the  entire  bend  area  taped  with  a  hig^-tack 
tape  vhich  was  removed.  The  specimen  was  then  examined  for  the  amount  of 
coating  lifted  from  the  substrate. 


7 


7 .  Measuring  AcSiesion  ^  Teqpe  Test  (Crass  Hatch)  -  ASIM  D3359-83 

A  sharp  cutting  device  was  used  to  cut  thraugh  the  coating  into  the 
substrate  of  test  specimens.  A  cutting  guide  or  rule  was  used  to  praduoe  a 
grid  of  eleven  vertical  and  eleven  horizontal  cuts  approximately  one  millimeter 
apart.  Ihis  grid  was  then  taped  with  a  hig^i-tack  tape  v^ch  was  removed.  Ihe 
specimen  was  then  rated  for  amount  of  coating  removed.  This  test  was  alert 
performed  on  panels  that  had  been  subjected  to  retort  conditions  of  250°F  for 
90  minutes. 

8.  Film  Hardness  by  Peficil  Test  -  ASIM  D3363-74 

A  coated  panel  was  placed  on  a  firm  horizontal  surface.  Pencils  of  a 
known  hardness  were  held  firmly  against  the  film  at  a  45®  angle  (point  away 
from  the  c^jerator)  and  pushed  away  from  the  operator  in  a  1/4  inch  stroke,  ihe 
pencil  that  did  not  cut  or  gouge  the  film  was  recorded. 


Ihe  following  tests,  althou^  not  ASIM  methods,  are  standard  tests  used  in 
the  coating  and  can  manufacturing  industries.  They  are  helpful  vhen  screening 
variables  in  terms  of  such  factors  as  coating  adhesicai,  uniformity,  and 
resistance  to  mechanical  damage. 

9.  Methyl-Et^l-Kstone  (MEK)  HEmnerHElub  Test 

A  dead  weic^t  vhich  had  been  covered  with  several  layers  of  cheesecloth, 
having  been  saturated  with  MEK,  was  rubbed  across  the  surface  of  a  coated  test 
specimen.  The  number  of  stroki^  required  to  break  throui^  the  film  to  the 
substrate  was  recorded. 

10.  doss  (RedElectivity) 

All  exterior  coatings  were  rated  for  gloss  using  a  60®  glossmeter. 

Should  testing  reveal  that  several  coating  were  equal  throu^out  all  tests, 
the  exterior  having  the  lowest  glossmeter  rating  would  be  the  one  selected. 

11.  Ooating  Blush  (Processed) 

Flat  panels,  having  been  coated  with  both  interior  and  exterior  coatings, 
were  subjected  to  retort  conditions  and  rated  for  the  amount  of  permanent  water 
spotting  or  discoloration. 

12.  can  Body  Manufacture 

All  variables  were  made  into  traycan  bodies  and  evaluated  for  ooating 
delamination  or  other  imaoo^Ttable  features. 

13.  EhEonel  Rating  of  Traycan  Bodies 

All  variables  that  made  acceptable  tray  bodies  were  subjected  to  an  enamel 
rating  test.  This  test  employs  a  sadt  solution  used  as  an  electrolyte  and  a 
test  appeuratus  used  as  an  electrolytic  cell.  Milliaicp  (Ma)  readings  were 
recorded.  A  hi^  Milliaitp  reading  is  indicative  of  a  hi^  degree  of  bare  metal 
exposed,  as  a  result  of  inadequate  coverage  the  coating  system. 

14 .  Susceptibility  of  CXsating  Systems  to  Abrasion  Damage  (Pickoff 
Test) 

Two  6"  X  6"  p>auiels  of  the  coated  steel  substrate  were  placed  in  direct 
contact.  A  ten-pound  dead  wei^t  was  then  placed  on  the  two  test  panels.  The 
top  panel  was  rotated  360®  while  the  bottom  panel  remained  staticaiary.  The 
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interior  and  exterior  coatings  were  then  examined  for  significant  abrasion 
damage. 

15.  Exterioor  Coating  Integrity  Test 

Traycan  bodies  were  submerged  in  acidified  copper  sulfate  for  five 
minutes,  then  evaluated  with  regard  to  the  existence  of  copper  that  had 
d^xDsited  at  various  locations  (indicating  the  amount  of  bare  metal  exposure 
generated  during  the  manufacture  of  the  container) . 


R^resentatives  from  the  Ejqjerimental  Packaging  Section  (EPS) ,  SPB,  FID, 
FED  provided  technical  assistance  and  monitored  the  progress  of  this  extensive 
battery  of  tests,  as  well  as  participated  in  the  selection  of  variables  to 
further  evaluate  under  realistic  conditions.  Upon  ccsnipletion  of  the  CSC 
in-house  testing,  a  total  of  four  coating  systenv'steel  substrate  variables  were 
selected  (See  Figure  3) . 
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Figure  3.  Final  Traycan  Coating  Selections 
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The  steel  substrate  selected  was  a  90  Ib/BB  steel  plate  with  a  #75/#35 
(0.375/0.175  Ib/BB)  ETP  coating.  The  fcxar  variables  included  representatives 
frcsn  each  of  the  three  coating  sippliers  and  both  application  methods  (i.e. 
sheet  coating  and  coil  coating) .  Only  one  coil  coated  variable  was  ccxisidered 
aoo^table  for  further  testing.  The  four  fired  variables  were  as  follows: 

Valspar  —  sheet  coated,  matte  substrate  (VMS) 

—  coil  coated,  matte  substrate  (VMC) 

Dexter  Midland  —  sheet  coated,  matte  substrate  (IKS) 

Peliance  —  sheet  coated,  matte  substrate  (RMS) 

The  existing  Vialspar  TFS  substrate  was  selected  as  the  control  variable  (See 
Figure  1) . 

Natick  designed  a  storage  stuc^  vhich  included  essenticd  variables  (See 
Table  1) ,  such  as  storage  tenperature,  can  variable,  coating  formulation  and 
application  method  and  tte  types  of  food  products  for  placement  in  the  traycans 
for  processing. 


Table  1.  Traycan  Storage  Study 


STORAGE  TEMPERATURES  AND  WITHDRAWALS 
6  MONTHS  30  MONTHS 


100 

13 

12 

80®F 

7 

12 

40®F 

5 

24 

29 

53  TOTAL 

CAN -VARIABLES 

One  Control  -  Valspar  tin- free  steel 

Four  best  tinplate  variables  from  CSC  testing 


PRODUCT  VARIABLES 
Vegetables  in  brine  (2) 

Egg  product  (1) 

Tomato  product  (2) 

Meat  and  gravy  (1) 

53  Withdrawals  x  5  variables  x  5  replicates  x  6  products 

•  7950  trays 
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Ihe  Natick  storage  study  was  designed  to  include  storage  at  40,  80  and 
100^  to  simulate  the  wide  tenperature  variaticai  ooromonly  found  in  the 
military  sipply  and  distributic»i  system.  Various  food  products  were  selected 
to  r^resent  the  range  of  products  currently  being  procured.  Vegetable 
products  have  been  found  to  be  hi^ily  aggressive  due  to  the  hi^  salt  cc^tent 
of  the  brine.  Tomato  products  were  selected  due  to  their  hi^  acidity.  An  egg 
product  was  chosen  to  test  for  product  adhesion  vhich  is  encountered  vhen 
insufficient  release  agent  is  added  to  the  coating  resin.  The  meat  and  gravy 
product  r^resents  several  entree  items  being  used  in  the  menu  cycle. 

The  storage  study  cx^isisted  of  two  phases.  Phase  I  was  an  intensive 
accelerated  stuc^  to  be  ocnpleted  in  six  noiths.  The  purpose  of  Phase  I  was  to 
determine  the  best  candidate,  by  virtue  of  visual  and  microscopic  examination 
of  both  the  interior  and  exterior  of  the  traycan.  Phase  I  was  conducted  to 
ensure  that  a  final  selecticxi  would  be  made  by  15  May  1990,  per  request  of 
caxsnxs.  a  total  of  3600  traycans  were  to  be  in^jected  the  first  six  mmths, 
the  majority  of  them  from  100^  storage.  Sanples  of  each  variable  and  the 
control  were  withdrawn  from  40°F  storage  every  8  weeks,  from  80°F  every  4 
weeks,  and  frcm  100°F  every  2  weeks.  After  ocaisultation  with  a  statistician, 
it  was  determined  that  five  replicates  per  can  variable  per  product  per 
withdrawal  would  result  in  a  statisticcdly  valid  test.  Each  withdrawcil 
consisted  of  a  total  of  150  traycans  (See  Table  2) .  The  withdrawal  schedule 
can  be  found  on  Table  3. 

Phase  II  of  the  storage  study  was  designed  to  eveduate  the  traycans  an 
additional  30  months  until  its  ccnpletion  date  in  December  1992.  It  will 
provide  realistic  data  to  validate  the  three  year  shelf  life  predicticais  of 
Phase  I. 

As  previously  stated,  CSC,  in  conjunction  with  Natick,  determined  the  best 
four  variables  and  in  CX±ober-Novenher  1989,  obtained  the  necessary  materiel  to 
initiate  fabrication  of  the  prototype  traycans.  Natick  had  determined  that 
1800  of  each  can  variable  was  required  to  conduct  both  Phase  I  and  II  of  the 
storage  stuc^  as  designed.  CSC  fabricated  approximately  9000  bodies/lids  (1800 
traycans/variable)  and,  with  full  ooordinaticai  with  Natick  and  DPSC,  provided 
them  to  Vanee  Foods  Cosmpany,  Berkeley,  Illinois,  for  filling  and  processing. 

In  November  1989,  these  traycans  were  filled  with  6  different  products  (beef 
stew,  lasagna,  chili  con  came,  carrots,  com  and  cmelet  w/ham) .  The  filling 
and  processing,  attended  by  representatives  of  Natick,  DPSC,  and  CSC,  was  in 
accordance  with  each  conponent  specification.  The  processed  traycans  were  then 
packed,  palletized  and  shipped  to  Natick  for  initiation  of  the  storage  study. 
The  traycans  were  all  r^salletized  and  placed  into  the  appropriate  storage 
rooms  by  December  1989. 

In  December  1989,  the  actual  inspecticai  commenced  (See  Figure  4) .  After 
sample  traycans  were  removed  from  storage,  they  were  inspected  for  exterior 
defects,  such  as  gray  spots.  Althou^  there  were  some  defects,  such  as 
abrasion  and  scratches  (typical  of  the  types  found  in  ocinnercied  packs) ,  the 
main  concern  was  to  find  any  defects  that  would  appear  to  adversely  affect  the 
integrity  of  the  traycan.  Once  exterior  defects  (if  any)  were  recorded,  the 
traycans  were  opened,  emptied  of  product  and  cleai^.  During  cleaning,  care 
was  taken  not  to  create  defects  in  the  interior  coating.  VBien  necessary,  a 
warm  soap  solution  and  a  soft  cloth  were  used  to  remove  fats  or  oils,  tcmato 
sauce,  or  additional  product  adhering  to  the  traycan  surface.  Due  to  some 
severe  cKiherenoe  of  egg  product  to  the  two  Veilspar  coated  variables  (VMC,  VMS) , 
seme  scrubbing  of  the  cans  was  necessary.  Once  clean  and  dry,  the  traycans 
were  prepared  for  inspecticxi.  The  traycans  were  visually  inspected  for 
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Table  2.  Traycan  Withdrawals 


WITHDRAWAL  -  6  CANS  EACH  (C) 

OF  EACH  PRODUCT  (P) 

IN  EACH  OF  6  CAN  VARIABLES  (V) 


5C 

X  6P  X 

5v  •  160 

CANS 

FOOD 

COATING  VARIABLES 

PRODUCT 

VMS 

RMS 

DMS 

CQNJRQL 

CHILI 

5  Cans 

5  Cans 

5  Cans 

5  Cans 

6 

Cans 

BEEF  STEW 

5  Cans 

5  Cans 

5  Cans 

5  Cans 

6 

Cans 

LASAGNA 

5  Cans 

5  Cans 

6  Cans 

5  Cans 

6 

Cans 

CARROTS 

5  Cans 

5  Cans 

6  Cans 

5  Cans 

6 

Cans 

CORN 

5  Cans 

5  Cans 

6  Cans 

5  Cans 

6 

Cans 

OMELET 

5  Cans 

5  Cans 

6  Cans 

5  Cans 

5 

Cans 

TOTAL  30  30  30  30  30 


TOTAL  WITHDRAWAL  ■  160  CANS 

Table  3.  Withdrawal  Schedule 


WEEK 

Phase  I 

100®F  80®F 

40^ 

2 

X 

4 

X  X 

6 

X 

8 

X  X 

X 

10 

X 

12 

X  X 

14 

X 

16 

X  X 

X 

18 

X 

20 

X  X 

22 

X 

24 

X  X 

X 

X  • 

5  CANS  X  6  PRODUCTS  x  5 

VARIABLES 
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interior  defec±s,  using  a  cotton  swab  to  remove  any  particles  adhering  to  the 
traycan.  When  interior  defects  were  found,  they  were  microsocpically  inspected 
at  70x  power  to  further  classify  the  defect. 


Figure  3.  Traycan  Inspection 

For  the  puipr^  of  this  study,  aberrations  were  classified  and  recorded  in 
accortJance  with  the  following  categories: 

Gray  spot  -  Appears  on  the  can  exterior  in  the  form  of  small,  gray 
colored  ^X3ts.  Ihis  indicates  deterioration  of  the  metal,  vhere  caily  the 
exterior  coating  remains  intact  and  can  easily  be  perforated  when  probed  with  a 
sharp  object.  Gray  ^X3ts  were  recorded  as  major  defects. 

Blister  -  Appears  as  round,  hemispherical  projections  of  the  interior 
coatir^  from  the  steel  substrate  and  is  considered  a  major  defect.  Experience 
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with  in-house  and  d^ot  inspection  has  shown  that  gray  ^X3ts  nearly  edways 
correlate  to  interior  blisters.  Iherefore,  the  omclusicn  can  be  made  that  a 
blister  is  an  early  indication  of  corrosion  and,  with  tiine,  will  further 
progress  to  a  gray  spot.  Ihis  is  in  agreement  with  the  findings  of  a  U.S.  Army 
Materials  Technology  Laboratory  stucfy  entitled  Metallurgical  Analysis  of 
LeaJdnq  Trav  Packs^. 

Pitted  oarrosicn  -  Oorrosion  of  the  steel  substrate  such  that  there  is 
actual  deterioraticxi  of  the  metal  observed  on  the  interior  surface  of  the 
traycan.  It  is  commonly  found  under  blisters  and  is  more  easily  seen  with  the 
aid  of  a  microscope.  This  is  also  ccnsidered  a  major  defect  and  one  that  may 
eventually  lead  to  a  gray  ^pot. 

Delamination  -  lack  of  adhesion  to  the  substrate  or  between  the  two 
enamel  coatings  cxi  the  interior  of  the  traycan.  Althouc^  any  factor  vhich 
prevents  or  reduces  coating  adhesi(»i  may  subsequently  create  coating  failures, 
delamination  was  recorded  as  a  major  defect  only  when  it  resulted  in  pitted 
corrosion  or  the  actual  peeling  of  the  coating. 

Scratch  -  An  abrasion  in  the  interior  coating.  This  is  not  cxaisidered  a 
coating  defect,  but  cne  that  is  genera].ly  caused  ty  mishandling  prior  to 
filling. 

Oven  dust  -  The  adherence  of  ov^  debris  to  the  coating  surface  that 
occurs  during  the  curing  process.  This  is  considered  an  aesthetic  problem  and 
does  not  adversely  affect  the  effectiveness  of  the  coating.  Oven  dust  was  not 
considered  a  major  defect. 

Coating  seed  -  A  particle  of  undissolved  resin  left  in  a  clxmp  vhich  is 
thicker  than  the  surrounding  interior  coating.  This  generally  will  not  produce 
corrosion  and  is  not  considered  a  major  defect. 

Mechanical  abrasion  -  Damage  caused  by  plate  vs.  plate  movement 
resulting  in  the  grinding  of  particles  into  the  coating.  This  defect  occurs 
mainly  in  the  coil  coated  roll  stock  during  handling  and  storage  and  is 
classified  based  on  the  severity.  This  is  sometimes  erroneously  referred  to  as 
pickoff . 

For  the  purpose  of  this  study,  defects  that  were  difficult  to  classify 
visually  were  examined  using  a  70x  pcwer  microscope.  This  also  enabled  the 
inspector  to  further  investigate  the  characteristics  of  the  aberraticxis  (e.g. 
existence  of  product  or  pitted  oorrosion  underneath  a  blister) . 


BESOUS  AND  DESCXESIiCM 

The  results  of  the  extensive  visual  and  microscopic  examination  of  the 
four  traycan  variables  and  the  oOTitrol  are  ocxitained  in  Tables  4  -  28. 

Several  observations  should  be  noted  as  evidenced  in  Tables  4  -  28: 

1.  CMS  ccHTsistently  exhibited  the  smallest  rumber  of  major  defects, 
with  approximately  3%  of  total  traycans  inflected.  CMS  also  had  the  lowest 
nmttoer  of  total  aberrations,  with  approximately  18%.  At  24  we^,  CMS 
exhibited  a  90%  reduction  in  major  defects,  as  oonpared  to  Control  (see  Table 
24) . 
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2.  The  TFS  Control  consistently  e^diibited  the  largest  nuntoer  of  major 
defects,  particularly  blisters,  with  approximately  37%  of  the  traycans  observed 
having  sane  form  of  a  major  defect.  In  fact,  the  majority  of  total  aberrations 
were  major  defects.  This  is  clearly  demonstrated  in  Table  28. 

3.  As  shown  in  Tables  25,  26,  and  27,  the  40°F  sanples  had  a  lower 
incidence  of  major  defects  than  the  80®F  and  100®F  sanples. 

4.  Of  the  tinplate  variables,  PMS  had  the  hi^iest  incidence  of  major 
defects,  with  approximately  25%.  As  shewn  in  Tables  4  -  15,  this  is  more 
obvious  in  the  100®F  sanples. 

The  following  list  ceptures  additiaial  observations  and  developnents  that 
cire  not  evident  from  Tables  4  -  28: 

1.  Gray  spots  were  not  found  in  any  of  the  tinplate  variables  during  the 
first  six  months  of  testing, 

2.  A  gray  spot  was  found  in  the  Control  variable  in  the  Beef  Stew  product 
after  20  weeks  storage  at  80  °F. 

3.  From  the  initiatioi  of  the  storage  stuc^,  a  severe  product  adherence 
problem  existed  involving  omelet  w/ham  and  the  Valspar  variables  (VMC  and 
VMS) .  This  is  apparently  due  to  insufficient  product  release  agent  in  the 
coating  and  is  considered  a  critical  problem.  The  product  adhesiai  may  be 
remedied  with  the  addition  of  more  release  agent  to  the  exating  resin. 

However,  it  may  present  other  problems,  e.g. ,  reduced  coating  adhesicxi, 
increased  delaminaticai  and  reduced  corrosion  resistance  which  would  warrant 
further  test  packs. 

4.  Blisters  appeared  at  the  early  stages  of  the  stucty  in  the  Control  and 
PMS  variables.  The  number  of  blisters  per  can  did  not  increase  but  their  size 
and  severity  did. 

5.  There  was  a  7-8%  incidence  of  delaminatioi  in  the  VMC  variable.  This 
conmcaily  cppecired  as  a  direct  result  of  an  ©cterior  defect,  e.g.,  a  dent.  This 
is  considered  a  critical  problem  due  to  the  e>posure  of  the  traycan  to  rou^ 
handling  within  the  military  storage  and  distribution  system.  This 
delamination  is  due  to  poor  adhesion  of  the  coating  system  to  the  tinplate 
substrate. 

6.  There  was  no  progressiai  of  oven  dust  and  coating  seeds  to  major  or 
critical  defects.  These  are  considered  to  be  aesthetic  aberrations  and  do  not 
adversely  affect  the  integrity  of  the  traycan.  Oven  dust  is  ocrancai  in  the  can 
industry  and  can  be  kept  to  a  minimum  by  maintaining  clean  curing  ovens. 

Coating  seeds  are  also  conmon  industry  problems  and  can  be  avoided  by  assuring 
that  coating  resins  are  blended  appropriately  and  applied  as  uniformly  as 
possible. 


7.  There  was  a  11-13%  incidence  of  mechanical  abrasion  damage  to  the 
coating  in  the  VMC  variable.  Althou^  there  was  no  progression  to  major 
defects,  this  is  coisidered  a  critical  problem  in  the  can  industry,  especially 
in  coil  coated  tinplate.  This  aberration  occurred  primarily  in  the  traycan 
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lids  v>^ich,  due  to  a  lack  of  cushioning  between  lids  during  packing,  are 
subjected  to  metal  to  metal  contact  during  storage  and  distribution. 
Mechanical  damage  may  be  avoided  by  developing  a  coating  system  which  is  more 
resistant  to  such  damage. 

8.  Overall,  the  traycan  body  is  more  susceptible  to  defects  than  the 
traycan  lid  due  to  the  deeper  draw  in  forming  the  bocty. 

9.  Omelet  was  found  to  be  the  most  aggressive  of  the  six  products 
tested.  The  major  defect  rate  of  the  various  products  are  as  follows: 


Omelet  w/ham .  49% 

Beef  Stew . 29% 

Com .  27% 

Chili .  13% 

carrots .  2% 

Lasagna .  1% 


These  defect  rates  are  evenly  distributed  among  the  five  traycan  variables. 


OGNCUSIGNS 

1.  The  cptimum  can  variables,  in  terms  of  exhibiting  the  fewest  number  of 
major  defects  are,  in  descending  order,  as  follCMs: 

1.  EM5  (Dexter  Midland,  Matte  ETP,  Sheet  coated) 

2.  VMS  (Valspar,  Matte  BTP,  Sheet  crated) 

3.  VMC  (Valspar,  Matte  ETP,  Coil  crated) 

4.  FMS  (Reliance,  Matte  ETP,  Sheet  cxated) 

5.  Ccaitrol  (Valspar,  TFS,  Coil  crated) 

The  product  adhesion  problem  with  the  VMS  and  VMC  can  variables  preclude  them 
from  further  csonsideraticsn  as  c»ntenders  to  r^lace  the  current  Ved^ar  TPS 
traycan.  In  aciditicai,  the  hig^  incidence  of  delamination  in  the  VMC  variable 
further  eliminates  it  as  a  serious  ccntender.  Hcwever,  both  VMS  and  VMC  will 
continue  to  be  evaluated  ciuring  Phase  II  of  this  study.  Again,  the  product 
adhesion  problem  may  be  remedied  with  the  addition  of  more  release  agent  to  the 
crating  resin.  However,  this  may  present  other  problems,  e.g. ,  reduced  ccating 
adhesion,  incnreased  delamination,  and  reduced  cr>rro6ion  resistance,  and  would 
warrant  further  test  packs. 

2.  Blisters  are  an  early  indication  of  potentied  corrosion  problems, 
vhich  are  acrelerated  by  storage  cxxiditions  and  product  aggressiveness. 


16 


3.  Tiiplate  systeams  did  provide  irrproved  resistance  to  corrxDsiOTi  over  the 
current  Valqpar  TFS  traycan  during  6  month  storage  at  40,  80  and  100°F,  as 
evidenced  by  data  showing  the  siqperior  performance  of  the  tinplated  can 
variables.  This  was  investigated  further  via  metallurgical  studies  and  the 
findings  are  discussed  in  a  Natick  report  entitled  Evaluaticai  of  Candidate 
Ooatinas  for  the  Travcan  Imptoveirtent  Program  cm  Tinplate  Versus  the  Present 
Tin-Free  Ooating  System^ 

4.  Hitler  storage  temperatures  adversely  affect  the  performance  of  all 
can  variables.  This  is  typical  of  canned  products. 

5.  The  hi^  acid  products  (ccxitaining  tcmato  sauce)  did  not  appear  to  be 
as  hi^ily  aggressive  to  any  of  the  can  variables  as  the  low  acid  products. 

6.  The  brine  in  the  vegetable  products  does  not  eppecu:  to  be  a  consistent 
ccaitributing  factor  to  traycan  corrosion.  This  is  demonstrated  by  the  low 
defect  rate  of  the  carrots  in  brine  as  conpared  to  the  hi(^er  defect  rate  of 
the  com  product. 


BBCXIMENDATICKS 

1.  Pecoromend  that  the  traycan  ccnposition  be  #75/#25  (0.375/0.125  Ib/BB) 
differentially  coated  tirplate  with  an  aluminum  vinyl/^xsQ'^  phenolic  double 
coating  system,  and  that  a  sheet  feed  system  be  used  in  lieu  of  the  current 
coil  feed  syston.  The  reconmendaticai  to  convert  to  this  new  traycan  with  tin 
wei^ts  of  #75/#35  was  made  to  and  accepted  by  OOCSIiDG  cai  16  May  1991. 

However,  #75/#35  is  a  non-standard  ooating  wei^t  and  requires  substantial  lead 
times,  resulting  in  increased  costs.  Initial  mill  surveys  indicated  that  this 
tin  ratio  bedance  was  required  in  order  to  coil  coat  a  steel  substrate  with  an 
interior  tin  ooating  of  #75.  The  use  of  a  #35  exterior  ooating  for  the  purpose 
of  the  Traycan  Storage  Study  was  due  to  the  requirement  for  coil  ooating  and 
not  from  a  need  to  control  exterior  corrosion.  Due  to  the  recomnendation  to 
convert  to  a  sheet  feed  system,  the  additicxicil  0.05  Ib/BB  cxi  the  exterior  is 
not  needed.  This  reccramendation  was  discussed  with  CSC  and  provided  to  DPSC  in 
December  1990. 

2.  Pecoranend  that  test  packs  be  conducted  on  all  new  Tray  Pack  products 
being  ccaisidered  for  future  procurements.  Test  packs  must  be  evaluated  for  a 
minimum  of  6  months  at  a  storage  tenperature  of  100®F.  Test  packs  are 
necessary  to  determine  that  certain  products  do  not  adversely  affect  the 
integrity  of  the  traycan  and  esdiibit  the  capability  of  meeting  the  minimum 
three  years  at  80°F  shelf  life  of  the  D^jartment  of  the  Army. 

3.  Pecoranend  that  inspection  protocol  for  the  traycan  interior  be  deleted 
from  all  Tray  Kick  specifications.  This  protocol  has  resulted  in  inaccurate 
classificaticai  of  interior  defects  and,  ccxisequently,  contributed  to  production 
delays  and,  in  some  cases,  terminaticxi  of  production. 

4.  Pecoranend  that  Natick  increase  participaticwi  in  the  packing  process, 
particularly  when  traycan  problems  arise.  To  acconplish  this  objective, 
inproved  coranunicaticxi  has  been  establi^ed  within  Natick,  and  among  Natick, 
USDA  and  DPSC. 
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5.  As  outlined  in  the  Tray  Pack  Task  Forcse,  reocaainend  that  care  continue 
to  be  exercised  thrcu^out  the  manufacturing,  traisporting  and  handling  of 
traycans  to  avoid  mechanical  defects  that  may  adversely  affect  the  integrity  of 
the  ooatir^  system  and,  therefore,  the  performance  of  the  traycan  over  time. 


This  docament  reports  research  undertaken  at  the 
US  Aray  Natick  Research,  Development  ana  En^neerin 
Center  and  has  been  assigned  No.  NATICK, 
in  the  series  of  reports  approved  for  publication. 
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Table  4 


2  Weeks  e>  100T 


30 

24 

18 

12 

6 

0 

Table  5.  4  Weeks  (s  lOOT. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 


CAN  VARIABLE 

30  CANS/VARIABLE 


VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 


60  CANS/VARIABLE 
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Table  6.  6  Weeks  100°F. 

CUMULATIVE 


90 

75 

60 

45 

30 

15 

0 

VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 

90  CANS/VARIABLE 

Table  7.  8  Weeks  lOO^F. 

CUMULATIVE 


120 

100 

80 

60 

40 

20 

0 

VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 

120  CANS/VARIABLE 
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Table  8.  10  Weeks  @  100°F 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 


150  CANS/VARIABLE 


Table  9.  12  Weeks  @  100°F. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 


180  CANS/VARIABLE 
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Table  10.  14  Weeks  @  100°F. 

CUMULATIVE 


210 

168 

126 

84 

42. 

0 

VMC  VMS  RMS  QMS  CONTROL 

CAN  VARIABLE 

210  CANS/VARIABLE 

Table  11.  16  Weeks  @>  100°F. 

CUMULATIVE 

240 

200 

160 

120 

80 

40 

0 

VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 

240  CANS/VARIABLE 
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Table  12.  18  Weeks  @>  100°F. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 


CAN  VARIABLE 

270  CANS/VARIABLE 


Table  13.  20  Weeks  @  100°F. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 


CAN  VARIABLE 

300  CANS/VARIABLE 
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Table  14.  22  Weeks  lOO'^F. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 


CAN  VARIABLE 

330  CANS/VARIABLE 

Table  15.  24  Weeks  lOO'^F. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 

360  CANS/VARIABLE 
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Table  16.  4  Weeks  @  80°F 


VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 


30  CANS/VARIABLE 


Table  17.  8  Weeks  (S)  SO^'F. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 


60  CANS/VARIABLE 
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Table  18.  12  Weeks  (S>  80°F. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 


CAN  VARIABLE 

90  CANS/VARIABLE 


Table  19.  16  Weeks  @  80°F. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 


120  CANS/VARIABLE 
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Table  20.  20  Weeks  ©  80®F 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 


CAN  VARIABLE 

ISO  CANS/VARIABLE 

Table  21.  24  Weeks  e>  80°F. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 


CAN  VARIABLE 

180  CANS/VARIABLE 
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RMS 

CAN  VARIABLE 

60  CANS/VARIABLE 


CONTROL 


coHOm-nmo  tiO  xmcDSicz 


Table  24.  24  Weeks  (»  40°F. 

CUMULATIVE 


VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 


90  CANS/VARIABLE 
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Table  25.  8  Weeks  &  40,80  &  100 

CUMULATIVE 


^  I  i 

40°F.  SOT.  100®F. 


STORAGE  TEMPERATURE 


Table  26.  16  Weeks  @  40,80  &  100T. 

CUMULATIVE 


Table  27.  24  Weeks  @  40,  80  &  100°F. 

CUMULATIVE 


40’’f.  80"F.  100°F. 


STORAGE  TEMPERATURE 


Table  28.  24  Weeks  (s  40,80  &  100T. 

CUMULATIVE 


640 
N 

U  560 
M 

E  480 
R 

400 
O 

^  320 
D 

E  240 
F 

c 

T 

S  80 
0 

VMC  VMS  RMS  DMS  CONTROL 

CAN  VARIABLE 

630  CANS/VARIABLE 
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Rm  617,  Bldg  5  Skyline  Place 

5111  Leesburg  Pifce 

Falls  Church,  VA  22041-3258 

Ocnsnandant 

U.S.  Amy  &iartennaster  Center  and  School  (Provisicml) 

ATIN:  ATSM-CDT/AMTSM-SIM-IM  2 

Fort  Lee,  VA  23807 

Goginmandant 

U.S.  Arroy  Troop  Si^^port  Agency 

ATIN:  EALO-TAF/DALO-HS  2 

Fort  Lee,  VA  23801 

Ccnvnander 

Defense  Personnel  Support  Center 

ATIN:  DPSC-HQ/DPSC-HS  2 

2800  South  20th  Street 
Philadelphia,  PA  19101-8419 

l&iited  States  Department  of  Agriculture  1 

ATIN:  USnVAMS 

P.O.  Box  96456 
Wa^ington,  DC  20090-6456 

Mr.  Dave  Blizzard  5 

Central  States  Can  company 
700  16th  St.,  S.E. 

Massillon,  OH  44648-0642 

David  Dee,  Colonol  (Ret.)  1 

Executive  Secretary 

R&DA  for  Military  Food  And  Packaging  Systems,  Inoorporated 
16607  Blanco  Road,  Suite  305 
San  Antonio,  TX  78232 

Comimander  1 

U.S.  Anny  Health  Services  CouBnand 
ATIN:  HSVS-F 

Fort  Sam  Houston,  TX  78234-6000 
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